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Introduction
In this paper we discuss a rotationally modulated attenuation band that was recently discovered in the Jovian hectometric radio emission spectrum using data from the Galileo spacecraft, which is in orbit around Jupiter [Johnson et al., 1992] . The attenuation band usually occurs in the frequency range from about 1 to 3 kHz and is possibly related to narrowband features called "drifting gaps" or "lanes" observed in the Voyager i and 2 radio emission data by Lecacheux et al. [1980] and Higgins et al. [1995] . The attenuation band observed by Galileo typically occurs at frequencies above the frequencies of the "lanes" or "gaps" observed by Voyager. The absence of comparable observations in the Voyager data is probably due to the strongly degraded sensitivity of the Voyager radio astronomy instrument at frequencies above about 1.3
MHz [Lecacheux et al., 1980] . The bandwidth of the attenuation band observed by Galileo is usually about 10 to 20 percent, and the attenuation can be as large as 30 dB. The most striking feature of the Galileo observations is that the center frequency of the attenuation band varies systematically with the rotation of Jupiter, with two parabolically shaped peaks per rotation. The Copyright 1998 by the American Geophysical Union.
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Observations
The observations presented here are from the Galileo plasma wave instrument, which provides measurements of plasma waves and radio emissions over a frequency range from 5. The difficulty in identifying the attenuation band at large radial distances, beyond about 50 R j, is believed to be mainly due to the lower intensities at larger distances, which makes the band more difficult to identify because of the lower signal-to-noise ratio. The disappearance of the band at small radial distances, inside about 15 R•, appears to be more fundamental. As the spacecraft approaches Jupiter, the frequency usually decreases, eventually causing the band to disappear as the frequency approaches the lower limit of the hectometric emission band (i.e., below about i MHz). Evidence of this radial distance dependence can be seen in Figure 1 . The peak frequency starts at about 2.7 MHz at 30 R•, and decreases to about 1.8 MHz at 22 R•. This trend continues into the next day, and within a few hours the band has disappeared. The occurrence also varies considerably from orbit to orbit. Over the roughly twoyear period for which we have data the band can be detected about 25 percent of the time. When the attenuation band is present it can usually be identified over a period ranging from days to weeks. The reason for the long-term variability is not known. A preliminary study has been carried out to search for control at the 42.46 h period of Io's orbit. However, no obvious Io control could be identified.
Interpretation
The very regular periodic variation, with two peaks per rotation, strongly suggests that the Jovian magnetic field plays a crucial role in controlling the frequency of the attenuation band. Since the hectometric radiation is believed to be generated by the cyclotron maser mechanism, it is not surprising that some degree of magnetic control is involved. For the low-density conditions that exist in the high-latitude region of the Jovian magnetosphere, where the hectometric radiation is believed to be generated, cyclotron maser radiation is expected to be emitted into a explanation that depends on a more invariant quantity, such as the magnetic field geometry. It is known that Io is responsible for a highly structured and complex plasma torus with large density gradients, field-aligned currents, and other complex processes (see Bagenal, 1994) . If one considers the propagation of radiation from a high-latitude cyclotron maser source, it is evident that the ray path must pass through or near the Io L-shell. It occurred to us that density gradients associated with the Io L-shell could then preferentially scatter the hectometric radiation in the region where the ray path is nearly tangent to the magnetic field. Possible scattering mechanisms could include, for example, coherent scattering from short-wavelength density fluctuations or shallow-angle reflections from field-aligned density structures.
As a simple model we assumed that the scattering occurs in the region where the ray path is tangent to the magnetic field at the Io L-shell. The relevant geometry for this model is shown in Figure 3 . Since hectometric radiation is believed to be generated along the auroral field lines at or very near the electron cyclotron frequency, the source was assumed to be located at the intersection of a high-latitude auroral field line and the f -fc surface, where f is the observing frequency. Since for f -1 to 3 MHz, the wave frequency at these high latitudes is well above the electron plasma frequency (fp -8980x/• Hz, where ne is in cm-3), to a first approximation the ray path is a straight line. The source was assumed to lie in the magnetic meridian plane. This assumption is consistent with the occultation measurements of Kurth et al. [1997] , which show that the radiation appears to be propagating outward near the magnetic meridian plane.
To test the above model, straight line ray paths were computed from the spacecraft to a source located in the magnetic meridian plane along an auroral field at a large (L-55), but otherwise arbitrary, L-value. As can be seen from the geometry, the ray path is relatively insensitive to the exact choice of the source L-value. The Oa model [Connerney, 1993] was used for the magnetic field computations. The elevation of the ray path (relative to the equatorial plane) was adjusted until the ray path was tangent to the Io L-shell (i.e., L-5.9). Once the tangent ray path was found the electron cyclotron frequency at the source was computed. According to the model strong attenuation would be expected at this frequency. Lower frequencies, which originate farther from Jupiter, do not pass through the Io L-shell, and therefore would not be expected to suffer any scattering. Higher frequencies, which originate closer to Jupiter, pass through the Io L-shell, but would be expected to suffer only minimal scattering, since the path length through the scattering region is much smaller and the magnetic field tangency condition is not satisfied.
The results of the above ray path calculation are shown in Figure 4 Although the computed emission frequency curves have the correct qualitative dependence, the exact shape does not accurately follow the trend in the data, particularly at the lowest frequencies. This discrepancy is believed to be due to refraction by the Io plasma torus.
Near the outer edges of the torus, the torus essentially acts as a prism. Even though the wave frequency is well above the plasma frequency, over the long path length from the torus to the auroral field line, small deviations in the ray path angle can cause significant shifts in the emission frequency. For f >> fp, it is easy to show [Stix, 1962] that the index of refraction, n -V/1 -(fp/f)2, is given to a good approximation by n -1-(1/2)f•/f 2, where the second term represents a small correction from the free space value (i.e., n -1).
Note that since the index of refraction is less than one, the ray is bent away from the torus, therefore reducing the emission frequency. For small deviation angles it is easy to see from simple geometric optics considerations that the frequency shift is proportional to 1If 2. [1995] , is a reasonable estimate for the electron density near the outer edge of the torus, it is easy to show that the maximum allowed incidence angles (relative to the magnetic field) for total internal reflection are approximately c, = fp/f _ 0.09 to 0.03 radians (i.e., 5.0 ø to 1.7 ø) for f = 1 and 3 MHz. These small incidence angles provide a simple explanation for why the scattering is localized near the tangency point. Unfortunately, very little is known about the spatial spectrum of density fluctuations at high latitudes along the Io L-shell, so it is difficult to provide a quantitative evaluation of the attenuation that would arise from such a scattering mechanism.
